INTRODUCTION
E xcessive alcohol use is responsible for 88,000 deaths in the U.S. each year, including one in ten deaths among working-age adults, 1 and cost the U.S. $249 billion, or $2.05 per drink, in 2010. 2 Binge drinking, defined as consuming four or more drinks per occasion for women or five or more drinks per occasion for men, 3 accounts for half of these deaths, 1 and three quarters of the estimated economic costs. 2 Binge drinking typically results in acute impairment, and is a risk factor for a number of health and social problems, including unintentional injuries, interpersonal violence, suicide, alcohol poisoning, high blood pressure, heart disease and stroke, cancer, liver disease, and severe alcohol use disorder. 4 Additionally, more than half of all the alcohol sold in the U.S. is consumed while binge drinking. 5 Reducing binge drinking among adults is also a leading health indicator in Healthy People 2020. 6 Binge drinking is common among U.S adults, and adult binge drinkers do so frequently and at high intensity. 7 However, there are important disparities in binge drinking at the state and national levels based on sociodemographic characteristics (e.g., race/ethnicity, education, and income) that are not well characterized by any single binge-drinking measure. 7 For example, the prevalence of binge drinking is known to be significantly higher among adults with higher household incomes compared with those with lower household incomes, but the frequency and intensity of binge drinking are significantly higher among binge drinkers with lower household incomes compared with those with higher household incomes. 7 A comprehensive measure of binge drinking is also needed to more fully characterize the public health impact of this behavior, including the risk of binge-drinking−related harms, which typically increases with the number of drinks consumed [8] [9] [10] ; and to plan and evaluate evidencebased binge-drinking prevention programs and policies in states and communities. 11 The objectives of this study are, therefore, to use a new measure of binge drinking among U.S. adults-total binge drinks-to assess disparities in binge drinking and the public health impact of this behavior at the state and national levels.
METHODS

Study Sample
The Behavioral Risk Factor Surveillance System (BRFSS) is a statebased, random-digit-dial landline and cellular telephone survey of noninstitutionalized, civilian U.S. adults aged ≥18 years that is conducted monthly in all states, the District of Columbia, and U.S. territories. BRFSS collects data on leading health conditions and risk behaviors, including binge drinking. States conduct telephone interviews during each calendar month, thus yielding a representative sample for the entire year. Details of the sampling, purpose, and analysis of BRFSS data have been published previously. 12 The median BRFSS survey response rate for all states, territories, and District of Columbia, in 2015 was 47.1% (range, 33.9% −61.1%). 13 After excluding people with missing information on binge drinking (n¼29,582, 5.8%), age (n¼4,213, 1.0%), and respondents from U.S. territories, data from 408,800 respondents in the 50 states and District of Columbia were used in the analysis (conducted in 2016), including respondents aged 18-20 years who are under the legal drinking age.
Measures
BRFSS includes four questions assessing alcohol consumption during the past 30 days: (1) number of drinking days, (2) average number of drinks consumed during days in which alcohol was consumed, (3) number of binge-drinking episodes, and (4) largest number of drinks consumed on any one occasion. Current drinking was defined as consumption of one or more drinks of any alcoholic beverage during the past 30 days. Binge drinking was defined as women consuming four or more drinks, and men consuming five or more drinks per drinking occasion. Heavy drinking was defined as women consuming eight or more drinks/week or men consuming ≥15 drinks/week.
14 Average annual number of binge-drinking episodes among binge drinkers was calculated by multiplying the frequency of binge-drinking episodes reported during the past 30 days by 12. Because BRFSS interviews a representative sample of state residents each month, 12 combining monthly estimates of binge-drinking episodes among BRFSS respondents who reported binge drinking, yields a representative sample for the entire year, and accounts for seasonal variations in binge-drinking frequency. The total number of annual binge-drinking episodes was then calculated by summing the annual number of binge-drinking episodes among all binge drinkers. Among binge drinkers, binge-drinking intensity was assessed by using the largest number of drinks consumed during any occasion in the past 30 days. Total annual binge drinks was calculated by multiplying the total annual binge-drinking episodes by binge-drinking intensity of each binge drinker. Total binge drinks consumed per adult was calculated by dividing total annual binge drinks by the weighted population estimate of U.S. adults. Finally, total binge drinks consumed per binge drinker was calculated by dividing total annual binge drinks by the weighted population estimate of U.S. binge drinkers.
Statistical Analysis
Binge-drinking prevalence, frequency, intensity, and total annual binge drinks among U.S. adults and per binge drinker were assessed overall and by sociodemographic characteristics for the U.S. and by state. Binge drinking among U.S. adults who consumed alcohol was stratified by sex, sociodemographic characteristics (age group, race/ethnicity, education level, annual household income), and drinking patterns.
The data were weighted to each state's adult population and to the respondent's probability of selection. 15 SAS-callable SUDAAN software, release 11.0.0 with SAS, version 9.3, were used to account for the complex sampling design of BRFSS and to calculate weighted estimates of binge-drinking prevalence, the number of binge drinkers, average annual frequency of binge-drinking episodes, and the binge-drinking intensity per binge episode, as well as 95% CIs for the prevalence of binge drinking. To identify statistically significant differences in binge-drinking prevalence within demographic groups t-tests were used (po0.05). Binge-drinking prevalence was ageadjusted to the 2000 projected U.S. population 16 both overall and among groups of respondents stratified by sex, race/ethnicity, education, household income, heavy drinking status, and state.
RESULTS
In 2015, a total of 17.1% of all U.S. adults (37.4 million) reported binge drinking (Table 1) . Each binge drinker reported an average of 53.1 binge-drinking episodes annually, or about one episode per week. This resulted in a total of 1.9 billion episodes of binge drinking annually, or an average of 8.4 binge-drinking episodes per U.S. adult per year. Adult binge drinkers also consumed an average of 7.0 drinks per binge-drinking episode. As a result, there were 17.5 billion total binge drinks consumed annually, or 76.6 total binge drinks per U.S. adult per year.
The prevalence of binge drinking among men (22.2%) was about twice that of women (12.1%, po0.0001), and men accounted for 72% (1.4 billion) of the total annual binge-drinking episodes in 2015. Men also consumed an estimated 14.0 billion (80%) of the 17.5 billion total binge drinks in 2015. Although the prevalence of binge drinking was significantly higher among those aged 18-24 years (25.1%) and 25-34 years (25.7%) compared with older age groups (po0.0001), more than half (9.0 billion) of the total binge drinks were consumed by those aged ≥35 years. The prevalence of binge drinking was significantly higher among non-Hispanic whites (19.2%) and American Indians/Alaska Natives (17.9%) compared with other race/ethnicity groups (po0.0001). Non-Hispanic whites also accounted for most (73%) of the total binge drinks consumed. However, American Indians/ Alaska Natives had the highest annual number of total binge drinks (100.5 binge drinks/adult). Adults with less than a high school education had significantly lower prevalence of binge drinking (14.0%) compared with college graduates (19.0%, po0.0001), but they reported consuming 1.7 times the annual number of total binge drinks (94.1 vs 56.0 binge drinks/adult). Respondents with a household income o$25,000 also had a significantly lower prevalence of binge drinking (14.1%) than those with a household income ≥$75,000 (21.7%, po0.0001), and consumed fewer total annual binge drinks (73.6 binge drinks/adult) than those with a household income ≥$75,000 (87.4 binge drinks/adult). Finally, heavy drinkers (i.e., those reporting high weekly alcohol consumption) reported much higher bingedrinking prevalence (77.8%) than non−heavy drinkers (25.2%, po0.0001). Heavy drinkers also reported an average of 105.8 binge-drinking episodes annually (or about two episodes/week) and consumed an average of 9.1 drinks per binge-drinking episode, resulting in 11.5 billion (68%) of the total annual binge drinks consumed. Among current drinkers, 31.4% reported at least one episode of binge drinking in the past 30 days and current drinkers who reported binge drinking consumed an average of 467.0 binge drinks per year ( Table 2 ). The prevalence of binge drinking among current drinkers was higher among those aged 18-24 years (49.7%) and 25-34 years (41.8%), and then gradually decreased with increasing age (po0.0001). However, binge drinkers aged ≥65 years reported consuming an average of 435.0 total binge drinks annually, even though the prevalence of binge drinking among current drinkers in this age group was substantially lower (11.4%, po0.0001) than in other age groups. Over half (55.2%) of adult male drinkers aged 18-24 years also reported binge drinking, and these binge drinkers reported consuming an average of 621.0 total binge drinks annually. Among both men and women who were current drinkers, the prevalence of binge drinking and total binge drinks consumed annually decreased with increased education and household income. Binge drinkers with less than a high school education consumed over twice as many total binge drinks annually as binge drinkers who were college graduates (723.5 vs 322.1 drinks, respectively), and binge drinkers with household incomes o$25,000 reported 21% more total binge drinks annually than binge drinkers with household incomes of ), except for age-specific results. d Total number of respondents who reported at least one binge-drinking episode during the past 30 days divided by the total number of respondents reporting consumption of ≥1 drinks of any alcoholic beverage during the past 30 days. e Total annual binge drinks per current drinker was calculated by multiplying the frequency of binge drinking (i.e., total annual number of binge-drinking episodes) by the binge-drinking intensity of each binge drinker (i.e., the largest number of drinks consumed by binge drinkers on any occasion), then dividing by the weighted total population of current drinkers. f Total annual binge drinks per binge drinker was calculated by multiplying the frequency of binge drinking (i.e., total annual number of binge-drinking episodes) by the binge-drinking intensity of each binge drinker (i.e., the largest number of drinks consumed by binge drinkers on any occasion), then dividing by the weighted total population of binge drinkers. In 2015, the total annual binge drinks per adult in the states ranged from 46.2 in Utah to 128.9 in North Dakota, while the total annual binge drinks per binge drinker ranged from 316.9 in the District of Columbia to 841.0 in Arkansas (Table 3 ). The highest annual number of total binge drinks per binge drinker was reported in Arkansas (841.0), Mississippi (831.8), Kentucky (652.8), and Hawaii (611.7). Notably, total annual binge drinks per binge drinker ( Figure 1 ) and per adult (Appendix Figure 1 , available online) were generally higher in the Mississippi River Valley than in other regions. By contrast, age-adjusted binge-drinking prevalence was generally higher in the Midwest and New England than in other regions (Appendix Figure 2 , available online). ). b Total number of respondents who reported at least one binge-drinking episode during the past 30 days divided by the total number of respondents. c Average number of binge-drinking episodes reported by all binge drinkers. d Average largest number of drinks consumed by binge drinkers on any occasion during the past 30 days. e Total annual binge drinks was calculated by multiplying the frequency of binge drinking (i.e., total annual number of binge-drinking episodes) by the binge-drinking intensity of each binge drinker (i.e., the largest number of drinks consumed by binge drinkers on any occasion). Total annual binge drinks per adult was calculated by dividing total binge drinks by the weighted total population. Total annual binge drinks per binge drinker was calculated by dividing total annual binge drinks by the weighted total population of binge drinkers. f Including respondents aged 18-20 years who are under the legal drinking age. Calculated by dividing the state-specific summation of total annual binge drinks by the estimated number of binge drinkers in each state. Total annual binge drinks was calculated as the number of annual binge-drinking episodes multiplied by the binge-drinking intensity (i.e., the average largest number of drinks consumed on any occasion in the past 30 days for each binge drinker).
DISCUSSION
To the authors' knowledge, this is the first study to assess total binge drinks consumed by U.S. adults, using a new measure to assess disparities in binge drinking. Adult binge drinkers are doing so frequently and with great intensity, resulting in about 17.5 billion total binge drinks in 2015, significantly increasing the risk for alcoholattributable harms to themselves and others. Although binge drinking was most common among young adults aged 18-34 years, most of the total binge drinks were consumed by those aged ≥25 years, and over half were consumed by adults aged ≥35 years, underscoring that binge drinking is a problem across the lifespan. In addition, four of five total binge drinks were consumed by men. Binge drinking was also significantly more common among people with higher educational attainment and household incomes. However, the total annual number of binge drinks per binge drinker was substantially higher among those with lower educational levels and household incomes than among those with higher educational levels and household incomes, emphasizing the usefulness of total binge drinks for assessing disparities in binge drinking. States with higher total binge drinks per binge drinker per year were also widely distributed across geographic regions in the U.S. The finding that over three quarters of total binge drinks were consumed by adults aged ≥25 years is consistent with the findings of a previous study that found about 70% of binge-drinking episodes were reported by those aged ≥26 years. 17 This finding is also consistent with the age distribution of alcohol-attributable deaths in the U.S. About 95% of the 88,000 average annual alcohol-attributable deaths in the U.S. involve adults aged ≥21 years, 1 and three quarters of the 2,200 average annual alcohol-poisoning deaths in the U.S., which typically are caused by binge drinking at high intensity, involve adults aged 35-64 years. 10 The observed disparities in total binge drinks by race/ ethnicity and SES also reflects known disparities in alcohol-attributable outcomes and life expectancy. For example, non-Hispanic whites, who reported almost three quarters of the total binge drinks, account for the majority of alcohol poisoning deaths in the U.S. However, American Indians/Alaska Natives, who had the highest total binge drinks per binge drinker per year (573.8 binge drinks annually), have the highest ageadjusted alcohol poisoning death rate in the U.S. 10 Similarly, the substantially higher rate of total binge drinks per binge drinker per year for those with less than a high school education and household incomes of o$25,000 relative to college graduates and those with household incomes of ≥$75,000, respectively, may help explain reported differences in life expectancy by SES, 18 particularly because excessive drinking (including binge drinking) is responsible for one in ten total deaths among working-age adults aged 20-64 years in the U.S. 1 This emphasizes the importance of reducing total binge drinks in order to reduce health disparities, including differences in mortality, among adults by race/ethnicity and SES.
Most heavy drinkers (i.e., those reporting high weekly alcohol consumption), especially men, were found to binge drink frequently and at high intensity, as reflected by the high rate of total binge drinks per binge drinker per year. The substantial overlap between these two patterns of alcohol consumption highlights the usefulness of a single-question screen for identifying excessive drinkers in clinical settings. 19 Alcohol screening with a brief intervention has been shown to be an effective strategy for reducing excessive drinking in clinical settings. 20 In addition, a recent systematic review found that providing screening and brief intervention for excessive drinking using electronic tools (e.g., computers and cell phones) can reduce binge-drinking intensity by 24% among those participating in these interventions. 21 The observed differences in the prevalence of binge drinking and total binge drinks in states reflect, in part, differences in state alcohol policies. 22 A recent study that examined the relationship between various subgroups of state alcohol policies and binge drinking among adults found that a small number of alcohol policies that raised alcohol prices and reduced its availability had the greatest impact on binge drinking. 23 However, these differences probably also reflect other social and cultural factors in states-including racial and ethnic composition, SES, and religious affiliation-that can influence binge drinking as well. 24 Previous studies have found that nine in ten adults who binge drink are not alcohol dependent, 25 thus, ensuring access to effective treatment will not be sufficient to decrease harms from excessive drinking at the population level. Therefore, strategies to address excessive drinking must also include, in addition to clinically based strategies (e.g., screening and brief interventions), evidence-based policies, such as those recommended by The Community Preventive Services Task Force. 11 These include increasing alcohol taxes, regulating alcohol outlet density, and commercial host liability. However, recent reports have shown that these interventions may be underutilized by states relative to their potential effectiveness. [26] [27] [28] In fact, the total federal and state taxes on alcoholic beverages were about $0.14 per drink (in 2011), 29 whereas the economic cost of excessive drinking was about $2.05 per drink (in 2010), and binge drinking is responsible about three quarters of these costs.
2 Additionally, recent studies suggest that populations with lower income and educational levels may pay less on a per-capita basis following an alcohol tax increase than populations with higher income and education levels, as they generally have a lower prevalence of current drinking and binge drinking than more affluent populations. 30 
Limitations
Findings are subject to several limitations. First, BRFSS data are self-reported; alcohol consumption generally, and excessive drinking in particular, is underreported in surveys because of recall bias, social desirability response bias, and nonresponse bias 31 ; these biases could vary among states and by respondent. Second, the median response rate for BRFSS was low, which could increase response bias. Third, the BRFSS measure of the largest number of drinks among binge drinkers may have resulted in higher estimates of binge-drinking intensity than other survey methods because the largest number of binge drinks consumed may be greater than the average number of binge drinks consumed by those who binge drink on multiple occasions. 32 However, a recent study found that binge-drinking intensity is quite consistent across binge-drinking episodes among young adults, 33 though this has not been assessed among other age groups. BRFSS estimates of binge drinking among adults are also substantially lower than estimates from other surveys, 34 and the BRFSS only identifies 22%−32% of presumed alcohol consumption in states based on alcohol sales data. 35 In addition, the underreporting of alcohol consumption tends to be greater among binge drinkers than non-binge drinkers, and tends to increase with binge-drinking intensity. 36 Therefore, the prevalence, frequency, and intensity of binge drinking are likely to have been substantially underestimated in this study. Additional research is needed to improve survey measures for binge drinking to enhance their usefulness for public health surveillance. Similarly, additional research is needed to assess the prevalence of highintensity binge drinking across demographic groups, and the relationship between high-intensity binge drinking and various alcohol-attributable harms (e.g., heart disease and cancer).
CONCLUSIONS
To date, binge-drinking prevalence is the most commonly used measure of binge drinking and reducing binge drinking is a leading health indicator in Healthy People 2020. 6 However, there are important disparities in binge-drinking behavior that are not apparent based on an assessment of binge-drinking prevalence alone. Monitoring total binge drinks consumed annually and total binge drinks per binge drinker could help overcome some of these limitations, and provide a more sensitive and specific way to plan, implement, and evaluate community and clinical preventive strategies for reducing binge drinking and related harms.
